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:RUNHU VSHFLDOL]DWLRQ FDQ LPSURYH WKH HIILFLHQF\
RI WDVN SHUIRUPDQFH LQ VRFLDO LQVHFWV +HLQULFK
 2VWHU DQG :LOVRQ  6HHOH\  -HDQQH
D &DUWDU  2¶'RQQHOO DQG -HDQQH 
$ FRPPRQ PHFKDQLVP E\ ZKLFK PRQRPRUSKLF
ZRUNHUV GLIIHUHQWLDWH LQWR WDVN VSHFLDOLVWV LV
WHPSRUDO RU DJH SRO\HWKLVP LQ ZKLFK ZRUNHUV
WHQG WR VSHFLDOL]H VHTXHQWLDOO\ RQ WDVNV RYHU WKH
FRXUVH RI WKHLU OLYHV UDWKHU WKDQ SHUIRUP DOO WDVNV
FRQFXUUHQWO\ 7KH W\SLFDO SURJUHVVLRQ LV IURP QHVW
WDVNV WR IRUDJLQJ WDVNV /LQGDXHU  :LOVRQ
 6HHOH\   -HDQQH E  ,Q
DGGLWLRQ LQ DJH SRO\HWKLF VSHFLHV WKH WHQGHQF\ RI
ODUJHU ZRUNHUV WR IRUDJH DW D \RXQJHU DJH WKDQ
VPDOOHU ZRUNHUV KDV EHHQ REVHUYHG LQ DQWV
:LOVRQ  0LUHQGD DQG 9LQVRQ  Bombus
EHHV %ULDQ  DQG WKH ZDVSV Polistes
jadwigae 7VXFKLGD DQG ,W{  DQG Polybia
occidentalis 2¶'RQQHOO DQG -HDQQH  7KH
VL]H RI Vespula ZRUNHUV LQFUHDVHV DV FRORQ\ VL]H
LQFUHDVHV DQG ODUJHU ZRUNHUV PD\ EH PRUH OLNHO\
WR IRUDJH WKDQ VPDOOHU ZRUNHUV 6SUDGEHU\ 
 $UFKHU  KRZHYHU ZRUNHU VL]H KDV QRW
EHHQOLQNHGWRHDUOLHURQVHWRIIRUDJLQJWDVNV
7KH GHJUHH RI WHPSRUDO SRO\HWKLVP YDULHV ZLGHO\
DFURVV VRFLDO LQVHFW VSHFLHV DQG DSSHDUV UHODWHG WR
FRORQ\ VL]H :LOVRQ  -HDQQH  7RPDV
DQG (OJDU  &RORQLHV RI DQWV EHHV ZDVSV
DQG WHUPLWHV FRQVLVWLQJ RI WKRXVDQGV WR PLOOLRQV
RI ZRUNHUV GLYLGH FRORQ\ ODERU DPRQJ JURXSV RI
KLJKO\VSHFLDOL]HG ZRUNHUV 0|JOLFK DQG
+|OOGREOHU  -HDQQH D  +|OOGREOHU
DQG :LOVRQ  6HHOH\  &URVODQG HW DO
 3LH  ,Q FRQWUDVW ZRUNHUV LQ VPDOO
FRORQLHV FRQVLVWLQJ RI IHZHU WKDQ RQH KXQGUHG
DGXOWV WHQG WR EH PRUH JHQHUDOL]HG DQG WR SHUIRUP
PXOWLSOH NLQGV RI WDVNV GDLO\ >VHHQ LQ Bombus EHHV
&DPHURQ DQG 5RELQVRQ  Polistes ZDVSV
3RVW HW DO  5HHYH  DQG VPDOO FRORQLHV
RI WKH DQW Rhytidoponera metallica 7KRPDV DQG
(OJDU@
2QH UHDVRQ IRU WKLV GLFKRWRP\ PD\ EH WKDW
VSHFLDOL]DWLRQ OHDGV WR HIILFLHQF\ JDLQV RQO\ LQ
ODUJH FRORQLHV )RU H[DPSOH FRORQLHV RI WKH ZDVS
Polybia occidentalis W\SLFDOO\ FRQVLVW RI VHYHUDO
KXQGUHG KLJKO\ VSHFLDOL]HG ZRUNHUV 6PDOO
FRORQLHV RI OHVV WKDQ  ZRUNHUV VXIIHUHG ORQJ
GHOD\V LQ QHVW PDWHULDO WUDQVIHU ZKHQ VSHFLDOLVW
IRUDJHUV KDG GLIILFXOW\ ORFDWLQJ VSHFLDOLVW UHFHLYHUV
-HDQQH D $OO QHVW UHSDLU FHDVHG ZKHQ WKH
GHOD\V JUHZ H[FHSWLRQDOO\ ORQJ ,Q FRQWUDVW
FRORQLHV XWLOL]LQJ ODUJH QXPEHUV RI PDWHULDO
GRQRUV DQG UHFHLYHUV H[SHULHQFHG VKRUWHU WUDQVIHU
WLPHVDQGUHDUHGPRUHEURRGSHUFDSLWD
Vespula VSHFLHV VXFK DV V. atropilosa V.
flaviceps, V. pensylvanica DQG V. vulgaris
DSSHDU WR EH H[FHSWLRQV WR WKH FRUUHODWLRQ EHWZHHQ
ODUJH FRORQ\ VL]H DQG ZRUNHU VSHFLDOL]DWLRQ VHHQ LQ
RWKHU HXVRFLDO LQVHFWV 7KRXVDQGV RI ZRUNHUV
FRPSULVH WKHVH FRORQLHV \HW ZRUNHUV WHQG WR EH
WDVN JHQHUDOLVWV DQG RQO\ ORRVHO\ IROORZ D WHPSRUDO
SRO\HWKLVP VFKHGXOH %ULDQ DQG %ULDQ 
3RWWHU  6SUDGEHU\  $NUH HW DO 
0DWVXXUD DQG <DPDQH  0RQWDJQHU 
FRQFOXGHG WKDW GLYLVLRQ RI ODERU ZDV YLUWXDOO\
LQGHSHQGHQW RI DJH LQ V. germanica 7KLV
DSSDUHQW ODFN RI WDVN VSHFLDOL]DWLRQ LV FXULRXV
JLYHQ WKH WKHRUHWLFDO DQG HPSLULFDO VWXGLHV OLQNLQJ
HIILFLHQF\ JDLQV ZLWK WDVN VSHFLDOL]DWLRQ LQ ODUJH
FRORQLHV 2VWHU DQG :LOVRQ  -HDQQH D
E $QGHUVRQDQG5DWQLHNV
,W LV DOWHUQDWLYHO\ SRVVLEOH WKDW VWXGLHV UHSRUWLQJ
UHGXFHG VSHFLDOL]DWLRQ LQ Vespula VSHFLHV KDG DQ
LQVXIILFLHQW VDPSOH VL]H WR GHWHFW WHPSRUDO
SRO\HWKLVP 7KHVH VWXGLHV ZHUH EDVHG RQ
VLQJOHDJHG FRKRUWV JHQHUDOO\ FRQVLVWLQJ RI IHZHU
WKDQ  ZRUNHUV LQ VPDOO WKRXJK QRW QHFHVVDULO\
\RXQJ FRORQLHV %ULDQ DQG %ULDQ  3RWWHU
 $NUH HW DO  0RQWDJQHU¶V VWXG\ IRU
H[DPSOH ZDV EDVHG RQ RQO\  ZRUNHUV
0RQWDJQHU  :KHQ D VLQJOH FRKRUW RI
LGHQWLFDOO\DJHG ZRUNHUV ZDV REVHUYHG RYHU
QXPHURXV GD\V DQ REVHUYHG VLPLODULW\ LQ ZRUNHU
WDVN VZLWFKLQJ PD\ KDYH EHHQ GXH WR D FKDQJH LQ
WKH FRORQ\¶V QHHGV UDWKHU WKDQ WR D FKDQJH LQ
ZRUNHUDJH
7KH SXUSRVH RI WKLV VWXG\ LV WR GHWHUPLQH LI
WHPSRUDO SRO\HWKLVP DQG ZRUNHU VSHFLDOL]DWLRQ
FDQ EH GHWHFWHG LQ ODUJH VDPSOHV RI
FRQVHFXWLYHO\LQWURGXFHG NQRZQDJH ZRUNHUV LQ
FDSWLYH FRORQLHV RI V. germanica )
+\PHQRSWHUD 9HVSLGDH :LWK FRQWLQXDO
REVHUYDWLRQ RI WZR FRORQLHV IRU XS WR QLQH KRXUV
SHU GD\ IRU  GD\V WKH PRVW GHWDLOHG DQDO\VLV RI
Vespula GLYLVLRQRIODERUZDVREWDLQHGWRGDWH
Methods
$ V. germanica FRORQ\ ZDV H[FDYDWHG LQ 0DGLVRQ
:LVFRQVLQ LQ ODWH -XO\ RI  DQG DQRWKHU LQ ODWH
-XO\ RI  (DFK FRORQ\ ZDV KRXVHG LQ D 
FP [  FP [  FP REVHUYDWLRQ ER[ ZLWK D
JODVV ERWWRP DQG WRS WKDW ZHUH NHSW FRYHUHG ZKHQ
REVHUYDWLRQV ZHUH QRW EHLQJ PDGH 7KH FRORQ\
ZDV FRQILQHG WR DQ RXWGRRU VFUHHQ WHQW  P [  P
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$UERUHWXP $ ODUJH VKHHW RI FRQVWUXFWLRQ SDSHU
ZDV SURYLGHG DV D VRXUFH RI QHVWLQJ PDWHULDO 7KLV
SDSHU ZDV WKH FRORQLHV¶ RQO\ SXOS VRXUFH DQG RQ LW
DOO SXOS IRUDJHUV FRXOG EH HDVLO\ REVHUYHG 7KH
FRORQLHV ZHUH FRQVWUDLQHG WR IRUDJH RQ IRRG
SURYLGHG LQVLGH WKH WHQW (YHU\ PRUQLQJ DW 
KRXUV D SODVWLF GLQQHU SODWH FRQWDLQLQJ D 
KRQH\WRZDWHU VROXWLRQ DQG D SODWH FRQWDLQLQJ D
PL[WXUH RI FRRNHG PHDWV KDP WXUNH\ EHHI RU
ILVK ZHUH SODFHG RQ D WDEOH LQVLGH WKH WHQW
DSSUR[LPDWHO\  P IURP WKH QHVW 7KH
KRQH\ZDWHU DQG PHDWV ZHUH FRQWLQXRXVO\
DYDLODEOH XQWLO WKHLU UHPRYDO DW DSSUR[LPDWHO\
 KRXUV HDFK QLJKW ,Q DGGLWLRQ IOLHV FULFNHWV
DQG VZHHSQHWWHG DUWKURSRGV ZHUH VSUHDG RQ WKH
WDEOH RQFH D GD\ 7KH OLYH SUH\ LWHPV ZHUH NHSW RQ
WKH WDEOH E\ GLVDEOLQJ WKHP :LWK WKLV
H[SHULPHQWDO GHVLJQ ZH DWWHPSWHG WR PLQLPL]H
WKH YDULDWLRQ LQ ZRUNHU IRUDJLQJ UDWHV WKDW ZDV
GXH WR GLIIHUHQFHV LQ IRRG VRXUFH GLVWDQFH TXDOLW\
KDQGOLQJ WLPH DQG VHDUFK WLPH 7KH JRDO ZDV WR
GLVFRYHU WKH UDQJH RI YDULDELOLW\ LQ ZRUNHUV¶
SUHGLVSRVLWLRQV WR SHUIRUP FHUWDLQ NLQGV RI WDVNV
ZLWKRXW WKRVH SUHGLVSRVLWLRQV EHLQJ LQIOXHQFHG E\
IOXFWXDWLRQVLQWKHH[WHUQDOHQYLURQPHQW
$GGLWLRQDO ILHOG DVVLVWDQWV LQ  ZHUH XVHG WR
HVWLPDWH WKH FRORQ\¶V VL]H 7KH FRPE FHOOV DQG WRS
RI WKH QHVW ZHUH SKRWRJUDSKHG HDFK PRUQLQJ
EHIRUH PDNLQJ WKH IRRG DYDLODEOH $W WKLV WLPH
IRUDJHUV ZHUH XVXDOO\ LQDFWLYH DQG VR PRVW RI WKH
ZRUNHUV ZHUH VWLOO LQVLGH WKH QHVW 7KH QXPEHU RI
ZDVSVVHHQLQHDFKLPDJHZHUHFRXQWHG
Establishing a set of known-age workers
7R FROOHFW OLIHWLPH GDWD RQ NQRZQDJH LQGLYLGXDOV
RQH RI WKH FRPEV IURP WKH  FRORQ\ ZDV SODFHG
LQ DQ LQGRRU QHVWER[ DQG LQFXEDWHG DW DPELHQW
WHPSHUDWXUH $V ZRUNHUV HPHUJHG WKH\ ZHUH
PDUNHG RQ WKH WKRUD[ IRU LQGLYLGXDO UHFRJQLWLRQ
ZLWK 'HFR &RORU SDLQW SHQV DQG SODFHG ZLWK
WKHLU VLVWHUV DQG TXHHQ LQ WKH $UERUHWXP FRORQ\
RQ WKH QLJKW RI WKHLU HFORVLRQ %HFDXVH WKH 
FRORQ\ ZDV VPDOO WKH QXPEHU RI NQRZQDJH
LQGLYLGXDOV ZDV LQFUHDVHG E\ DGGLQJ ZRUNHUV WKDW
HPHUJHG IURP LQFXEDWHG FRPEV RI WKUHH XQUHODWHG
V. germanica FRORQLHV 3UHYLRXV ZRUN RQ Polybia
occidentalis ZDVSV VKRZHG WKDW ZRUNHUV OHVV WKDQ
 KRXUV ROG DUH DFFHSWHG LQWR DQ XQUHODWHG
FRORQ\ DQG EHKDYH QRUPDOO\ -HDQQH HW DO 
%HWZHHQ  -XO\ DQG  6HSWHPEHU  
PDUNHG ZRUNHUV ZHUH DGGHG  ZHUH IURP WKH
RULJLQDO FRORQ\ FRORQ\  DQG WKXV ZHUH VLVWHUV RI
WKH ZRUNHUV LQ WKH REVHUYDWLRQ ER[  ZHUH
DGGHG IURP FRORQ\   IURP FRORQ\  DQG 
IURPFRORQ\
7KH  QHVW ZDV ODUJHU 7ZR RI LWV VHYHQ FRPEV
ZHUH LQFXEDWHG LQGRRUV 7R WKH REVHUYDWLRQ
FRORQ\ D WRWDO RI  NQRZQDJH VLVWHUV WKDW
HPHUJHG IURP WKHVH FRPEV EHWZHHQ  -XO\ DQG
 $XJXVW ZHUH DGGHG 1R XQUHODWHG ZRUNHUV
ZHUH LQWURGXFHG $OO DQDO\VHV RI DJHEDVHG WDVN
SHUIRUPDQFH DUH EDVHG VROHO\ RQ NQRZQDJH
ZRUNHUV
Carbohydrate-foraging data
7R LGHQWLI\ WKH FRORQLHV¶ FDUERK\GUDWH IRUDJHUV
DQG PHDVXUH WKHLU UDWHV RI IRUDJLQJ WKH LGHQWLW\ RI
HYHU\ ZRUNHU IHHGLQJ RQ WKH KRQH\ VROXWLRQ DQG
KHU WLPH RI IHHGLQJ ZDV UHFRUGHG WR WKH QHDUHVW
PLQXWH :KHQ DQ XQPDUNHG ZRUNHU ODQGHG RQ WKH
GLVK VKH ZDV FDSWXUHG FKLOOHG LQGLYLGXDOO\
PDUNHG DQG UHOHDVHG PLQXWHV WR KRXUV ODWHU DW
WKH HQG RI WKH REVHUYDWLRQ SHULRG $ ZRUNHU¶V
IRUDJLQJ UDWH ZDV FDOFXODWHG DV KHU QXPEHU RI
WULSV ±   PLQXWHV EHWZHHQ KHU ILUVW DQG ODVW
IRUDJLQJ WULS IRU HDFK REVHUYDWLRQ SHULRG 7KH
QXPEHU RI WULSV ±  LV WKH QXPEHU RI WLPHV D
IRUDJHU GHOLYHUHG FDUERK\GUDWH WR WKH QHVW ,Q
  -XO ±  $XJ ± KRXUV RI
FDUERK\GUDWHIRUDJLQJ GDWD ZHUH FROOHFWHG GDLO\
DOWHUQDWLQJ EHWZHHQ PRUQLQJV  KUV DQG
DIWHUQRRQV  KUV ,Q   -XO ±  6HS
GDWD ZHUH FROOHFWHG IURP  KUV  KUV DQG
IRU  RI WKHVH  GD\V  -XO ±  $XJ GDWD ZHUH
FROOHFWHG WKURXJKRXW WKH DIWHUQRRQ  KUV ±
KUV
Pulp-foraging and protein-foraging data
,Q ERWK \HDUV IRU ± KRXUV SHU GD\ DQG PRVW
RIWHQ VLPXOWDQHRXVO\ ZLWK WKH
FDUERK\GUDWHIRUDJLQJ GDWD FROOHFWLRQ DQ
REVHUYHU UHFRUGHG WKH LGHQWLW\ RI DOO PDUNHG
ZRUNHUV UHWULHYLQJ SXOS IURP D FRQVWUXFWLRQ
SDSHU VWDQG DQG SURWHLQ FRRNHG PHDWV DQG
VZHHSQHWWHGDUWKURSRGVVSUHDGRQDWDEOH
Nest-work data
7R LGHQWLI\ ZRUNHUV WKDW SHUIRUPHG LQQHVW WDVNV
WKH DFWLYLWLHV RI DOO PDUNHG ZRUNHUV IRXQG RQ WKH
FRPE IDFHV DQG EDFNV ZHUH GRFXPHQWHG GXULQJ
IRXU PLQXWH VFDQ VDPSOHV WDNHQ GDLO\ LQ 
DQG WKUHH WR QLQH PLQXWH VFDQ VDPSOHV PDGH
GDLO\ LQ  :RUNHUV WKDW FOHDQHG FHOOV FOHDUHG
GHEULV IHG ZRUNHUV IHG ODUYDH LQVSHFWHG FHOOV
EXLOW FHOOV RU IDQQHG WKH QHVW GXULQJ WKHVH
REVHUYDWLRQ SHULRGV ZHUH UHFRUGHG DV SHUIRUPLQJ
QHVW ZRUN 0DUNHG LQGLYLGXDOV LQ WKH QHVW QRW
GRLQJ WKHVH WDVNV ZHUH UHFRUGHG VLPSO\ DV EHLQJ
VHHQ
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'XULQJ WKH ODVW WZR ZHHNV RI WKH VWXG\ VHDVRQV
PDUNHG IRUDJHUV ZHUH UDQGRPO\ FDXJKW RXWVLGH
WKH QHVW DQG PHDVXUHG IRU ERG\ VL]H /LYH ZRUNHUV
ZHUH SODFHG LQ YDFXXPVHDOHG SODVWLF EDJV IUR]HQ
DW ï & RYHQGULHG DW  & IRU VHYHQ GD\V
WKHQ ZHLJKHG RQ D &DKQ  DXWRPDWLF
HOHFWUREDODQFH WR WKH QHDUHVW ƫJ 7KH GRUVDO
VLGH RI HDFK ZRUNHU¶V KHDG DQG WKRUD[ ZHUH
SKRWRJUDSKHG XVLQJ D 3RODURLG 3'0& YLGHR
FDPHUD PRXQWHG RQ D /HLFD 0 VWHUHR
PLFURVFRSH DW [ PDJQLILFDWLRQ 8VLQJ ,PDJH
3UR 3OXV LPDJH DQDO\VLV VRIWZDUH KHDG ZLGWK
GLVWDQFH EHWZHHQ WKH PHGLDO HGJHV RI WKH
FRPSRXQG H\HV DW WKH SRVWHULRU HGJH RI WKH
PHGLDQ RFHOOXV DQG WKRUD[ ZLGWK PD[LPXP
ZLGWK RI WKH PHVRVFXWXP ZHUH PHDVXUHG 
ZRUNHUV ZHUH PHDVXUHG LQ  DQG  ZRUNHUV
LQ
Data analyses
$OWKRXJK ZRUNHUV¶ GHDWKV ZHUH QRW UHFRUGHG
ZRUNHU OLIHVSDQ ZDV HVWLPDWHG IRU WKH  FRORQ\
LQ WZR ZD\V 2QH HVWLPDWH ZDV EDVHG RQ DOO
NQRZQDJH ZRUNHUV WKDW ZHUH VHHQ HLWKHU LQ WKH
QHVW RU IRUDJLQJ RQ DW OHDVW WKUHH VHSDUDWH GD\V
DQG QRW VHHQ DIWHU  $XJXVW RQH ZHHN EHIRUH WKH
VWXG\ HQGHG $ VHFRQG HVWLPDWH ZDV EDVHG RQ
NQRZQDJH ZRUNHUV VHHQ DW OHDVW RQFH DQG QRW
VHHQDIWHU$XJXVW
7R GHWHUPLQH LI ZRUNHUV FRPPHQFHG WKH WDVNV RI
QHVW ZRUN SXOS IRUDJLQJ SURWHLQ IRUDJLQJ DQG
FDUERK\GUDWH IRUDJLQJ LQ D VHULDO IDVKLRQ DV WKH\
DJHG UDWKHU WKDQ FRQFXUUHQWO\ WKH WDVNV ZHUH
DQDO\]HG LQ SDLUV XVLQJ RQO\ NQRZQDJH ZDVSV
WKDW KDG GRQH ERWK WDVNV )RU HDFK VHW RI WZR
WDVNV ZRUNHUV ZHUH FODVVLILHG DFFRUGLQJ WR ZKLFK
RI WKH WDVNV WKH\ KDG SHUIRUPHG ILUVW 7KH
ELQRPLDO WHVW H[FOXGLQJ WLHV ZDV XVHG WR WHVW WKH
QXOO K\SRWKHVLV WKDW WKH SURSRUWLRQ RI ZRUNHUV LQ
HDFK JURXS ZDV  DQG WKXV ZRUNHUV KDG DQ
HTXDO SUREDELOLW\ RI SHUIRUPLQJ HLWKHU WDVN ILUVW
6$63URF)UHT6$6,QVWLWXWH,QF
,Q D VHFRQG DSSURDFK D VXEVHW RI NQRZQDJH
ZRUNHUV WKDW IRUDJHG IRU HDFK PDWHULDO SXOS
SURWHLQ DQG FDUERK\GUDWH ZHUH HYDOXDWHG DW OHDVW
WKUHH WLPHV LQ WKHLU OLYHV )RU WKH  ZRUNHUV
PHHWLQJ WKLV FULWHULRQ D VFRULQJ PHWKRG ZDV
GHYHORSHG WKDW GLVFHUQHG SDWWHUQV RI WDVN
SHUIRUPDQFH RUGHU )RU HDFK IRUDJHU HDFK NLQG RI
WDVN VKH SHUIRUPHG ZDV UDQNHG LQ WKH RUGHU RI LWV
RFFXUUHQFH RYHU WKH FRXUVH RI KHU IRUDJLQJ FDUHHU
,I VKH GLG PXOWLSOH WDVNV RQ WKH VDPH GD\ WKRVH
WDVNV ZHUH JLYHQ DQ DYHUDJH RI WKH UDQNV IRU WKDW
GD\ )RU H[DPSOH LI VKH IRUDJHG IRU SXOS RQ GD\
RQH GHILQHG DV WKH ILUVW GD\ ZH REVHUYHG KHU
IRUDJLQJ DQG FDUERK\GUDWH IRUDJHG RQ GD\ WZR
VKH UHFHLYHG D UDQN RI  IRU SXOS DQG  IRU
FDUERK\GUDWH ,I RQ GD\ IRXU VKH IRUDJHG IRU
FDUERK\GUDWH DQG SURWHLQ VKH ZRXOG UHFHLYH D
UDQN RI  IRU FDUERK\GUDWH DQG  IRU SURWHLQ
WKH DYHUDJH RI  DQG  7KHQ WKH DYHUDJH
UDQN IRU HDFK PDWHULDO ZDV FDOFXODWHG 7KH WDVNV
SHUIRUPHG PRVW RIWHQ ODWHU LQ D IRUDJLQJ FDUHHU
HQGHG XS ZLWK WKH KLJKHVW UDQNV ,Q WKLV H[DPSOH
WKH ZRUNHU ZRXOG UHFHLYH DQ DYHUDJH UDQN RI 
IRU SXOS      IRU FDUERK\GUDWH
DQG  IRU SURWHLQ $ YDOXH RI RQH ZDV DUELWUDULO\
FKRVHQ DV WKH FULWHULRQ RI GLIIHUHQFH ,I WKH WDVNV¶
DYHUDJH UDQNV GLIIHUHG E\ OHVV WKDQ RQH WKH WDVNV
ZHUH FRQVLGHUHG WR KDYH EHHQ SHUIRUPHG
VLPXOWDQHRXVO\ 'LIIHUHQW FULWHULRQ YDOXHV RWKHU
WKDQ RQH ZHUH DOVR FRQVLGHUHG DQG WKH VDPH
UHVXOWV ZHUH IRXQG 7KXV LQ RXU H[DPSOH SXOS
IRUDJLQJ RFFXUUHG SULRU WR FDUERK\GUDWH DQG
SURWHLQ IRUDJLQJ ZKLOH FDUERK\GUDWH DQG SURWHLQ
IRUDJLQJ ZHUH SHUIRUPHG FRQFXUUHQWO\ 7KH
QXPEHUV RI ZDVSV WKDW SHUIRUPHG SXOS SURWHLQ
DQG FDUERK\GUDWH IRUDJLQJ ZHUH WKHQ FRPSDUHG LQ
WKHGLIIHUHQWSRVVLEOHIRUDJLQJVHTXHQFHV
7R WHVW WKH HIIHFW RI ERG\ VL]H RQ WKH UDWH DW ZKLFK
D ZRUNHU SURJUHVVHG WKURXJK WKH WDVN VHTXHQFH
WKH DJH RI ILUVW IRUDJLQJ IRU HDFK PDWHULDO ZDV
UHJUHVVHG VHSDUDWHO\ RQ HDFK PHDVXUH RI ERG\
VL]H ZHLJKW KHDG VL]H WKRUD[ VL]H DQG WKH UDWLR
RI WKRUD[ VL]H WR ZHLJKW $ PXOWLSOH UHJUHVVLRQ RI
DJH RI ILUVW IRUDJLQJ IRU D PDWHULDO W\SH ZDV
SHUIRUPHGRQDOOPHDVXUHVRIERG\VL]HFRPELQHG
,W LV SRVVLEOH WKDW D ZRUNHU¶V GDLO\ H[SHQGLWXUH RI
IRUDJLQJ HIIRUW YDULHV OLWWOH RYHU WKH FRXUVH RI KHU
OLIH $ ZRUNHU FRXOG EH H[SHFWHG WR PDNH PRUH
WULSV IRU D SDUWLFXODU PDWHULDO RQ GD\V ZKHQ VKH
VSHFLDOL]HG RQ FROOHFWLQJ WKDW PDWHULDO DQG IHZHU
WULSV IRU WKDW PDWHULDO RQ GD\V VKH IRUDJHG IRU
DGGLWLRQDO PDWHULDOV RU ZRUNHG LQ WKH QHVW
$OWHUQDWLYHO\ IRUDJLQJ VSHFLDOL]DWLRQ PD\ KDYH QR
HIIHFW RQ WKH QXPEHU RI WULSV D ZRUNHU PDNHV IRU D
SDUWLFXODU PDWHULDO 7R WHVW WKHVH K\SRWKHVHV WKH
QXPEHU RI FDUERK\GUDWHIRUDJLQJ WULSV HDFK
ZRUNHU PDGH RQ WKH GD\V VKH IRUDJHG RQO\ IRU
FDUERK\GUDWH ZDV UHJUHVVHG ZLWK WKH QXPEHU RI
FDUERK\GUDWHIRUDJLQJ WULSV PDGH RQ GD\V ZKHQ
VKH DOVR ZRUNHG LQ WKH QHVW RU IRUDJHG IRU SXOS RU
SURWHLQ
:RUNHU WDVN VSHFLDOL]DWLRQ ZDV H[DPLQHG DW WKH
LQGLYLGXDO OHYHO DQG WKH FRORQ\ OHYHO XVLQJ WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 1)UHTXHQF\GLVWULEXWLRQRIDJHRIILUVWSHUIRUPDQFHRIQHVWZRUNSXOSIRUDJLQJFDUERK\GUDWHIRUDJLQJ
DQGSURWHLQIRUDJLQJIRUZRUNHUVRIWKHFRORQ\1 NQRZQDJHZRUNHUV
Figure 2)UHTXHQF\GLVWULEXWLRQRIDJHRIILUVWSHUIRUPDQFHRIQHVWZRUNSXOSIRUDJLQJFDUERK\GUDWHIRUDJLQJ
DQGSURWHLQIRUDJLQJIRUZRUNHUVRIWKHFRORQ\1 NQRZQDJHZRUNHUV
 GDWD 7KH IUHTXHQF\ GLVWULEXWLRQV RI WKH
QXPEHU RI ZRUNHUV REVHUYHG GRLQJ     DQG
 WDVNV QHVW ZRUN SXOS IRUDJLQJ FDUERK\GUDWH
IRUDJLQJ DQG SURWHLQ IRUDJLQJ ZLWKLQ D GD\ IRU
WKUHH GD\V ZHUH FRPSDUHG RQH GD\ HDUO\ LQ WKH
VWXG\ RQH GD\ PLGVWXG\ DQG RQH GD\ ODWH LQ WKH
VWXG\ )RU WKH FRORQ\OHYHO YLHZ WKH VDPH
IUHTXHQF\ GLVWULEXWLRQ ZDV FDOFXODWHG XVLQJ WKH
PHDQ QXPEHU RI WDVNV SHU ZRUNHU SHU GD\ IRU WKH
HQWLUHVHDVRQ
Results
,Q HDUO\ $XJXVW RI  DQG  WKH FRORQLHV
ZHUH LQ WKH HUJRQRPLF VWDJH RI FRORQ\ JURZWK DQG
UDSLGO\ SURGXFHG ZRUNHUV 0DOHV EHJDQ WR HPHUJH
LQ WKH ODVW ZHHN RI $XJXVW VLJQLI\LQJ WKDW WKH
FRORQLHV KDG VZLWFKHG WR WKH UHSURGXFWLYH SKDVH
:RUNHUV DGGHG FRPEV WR QHVWV EXW WKH
REVHUYDWLRQ ER[ FRQVWUDLQHG WKH QHVWV¶ YHUWLFDO
JURZWK 7KXV WKH FDSWLYH FRORQLHV GLG QRW JURZ WR
WKHVL]HVZLOGRQHVFDQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 1$YHUDJHDJHDWZKLFKZRUNHUVILUVWSHUIRUPHGHDFKNLQGRIWDVN
Mean age
Task
(days) Std Dev Min Max N
1998
1HVWZRUN     
3XOSIRUDJLQJ     
&DUERK\GUDWHIRUDJLQJ     
3URWHLQIRUDJLQJ     
1999
1HVWZRUN     
3XOSIRUDJLQJ     
&DUERK\GUDWHIRUDJLQJ     
3URWHLQIRUDJLQJ     
)URP  -XO\ WKURXJK  $XJXVW RI  
PDUNHG ZRUNHUV ZHUH REVHUYHG SHUIRUPLQJ
QHVWZRUN SXOS SURWHLQ RU FDUERK\GUDWH
IRUDJLQJ 7KH DJHV RI  RI WKHVH ZRUNHUV ZHUH
NQRZQ 7KH XQUHODWHG ZRUNHUV LQWURGXFHG WR WKH
REVHUYDWLRQ FRORQ\ SHUIRUPHG QHVW ZRUN DQG
IRUDJLQJ WDVNV 7KH WRWDO QXPEHU RI PDUNHG
ZRUNHUV REVHUYHG EHWZHHQ  -XO\ DQG 
6HSWHPEHU  ZDV   ZHUH RI
NQRZQDJH 'XULQJ $XJXVW  WKH PHDQ  6'
YDOXH RI WKH GDLO\ FHQVXVHV RI ZRUNHUV LQ WKH QHVW
ZDV    ZRUNHUV 6L]H HVWLPDWHV IRU WKH ODVW
KDOI RI $XJXVW  DUH ORZ KRZHYHU EHFDXVH
ZRUNHUV FRQVWUXFWHG FDUWRQ FKDPEHUV RQ WKH VLGHV
DQG WRS RI WKH QHVW LQWR ZKLFK OHVV DFWLYH ZRUNHUV
FRPPRQO\UHWUHDWHGDQGZHUHKLGGHQIURPYLHZ
Estimates of worker lifespan for 1999
colony
)RU NQRZQDJH ZRUNHUV RI WKH  FRORQ\ VHHQ
RQ DW OHDVW WKUHH GLIIHUHQW GD\V DQG QRW VHHQ DIWHU
 $XJXVW  RQH ZHHN EHIRUH WKH VWXG\
HQGHG WKH PHDQ DJH  6' GD\V RQ WKH ODVW GD\
VHHQ ZDV    GD\V ROG 1    UDQJH  ±
 GD\V 7KH PHDQ  6' OLIHVSDQ RI ZRUNHUV VHHQ
DW OHDVW RQFH DQG QRW VHHQ DIWHU  $XJXVW 
ZDV    GD\V 1    UDQJH ±  GD\V
%HFDXVH LW ZDV SRVVLEOH WKDW ROGHU ZRUNHUV PD\
KDYH EHFRPH LQDFWLYH RQ DQ REVFXUHG SDUW RI WKH
QHVW DQG HVFDSHG REVHUYDWLRQ EHWZHHQ  $XJXVW
DQG  6HSWHPEHU WKHVH DYHUDJHV DUH PLQLPXP
HVWLPDWHVRIOLIHVSDQ
Sequence and age of task performance
7KH ³DYHUDJH´ ZRUNHU LQLWLDOO\ ZRUNHG LQ WKH QHVW
DQG E\ WKH HQG RI KHU ILUVW ZHHN DV DQ DGXOW EHJDQ
IRUDJLQJ IRU SXOS WKHQ FDUERK\GUDWH WKHQ
SURWHLQ 6RPH H[FHSWLRQDO ZRUNHUV KRZHYHU
IRUDJHG ZLWKLQ D GD\ RU WZR DIWHU HFORVLRQ 7DEOH
 :RUNHUV W\SLFDOO\ FHDVHG SXOS IRUDJLQJ E\ WKH
HQG RI WKHLU WKLUG ZHHN &DUERK\GUDWH IRUDJLQJ
ZDV WKH VORZHVW WR GHFOLQH VRPH IRUDJHUV
FRQWLQXHG WR EULQJ LQ FDUERK\GUDWH XQWLO WKH\
ZHUHRYHUGD\VROG)LJXUHV DQG 
)RU ERWK FRORQLHV WKH GLIIHUHQFHV LQ PHDQ DJH DW
ILUVW SHUIRUPDQFH RI WKH GLIIHUHQW IRUDJLQJ WDVNV
DUH UHODWLYHO\ VPDOO 7DEOH  3DUWLFXODUO\ LQ WKH
 FRORQ\ WKH GLIIHUHQFHV LQ PHDQ DJH EHWZHHQ
VHTXHQWLDOO\ UDQNHG WDVN JURXSV DUH DOO OHVV WKDQ
 GD\V %HFDXVH RI QRQLQGHSHQGHQFH RI GDWD LQ
7DEOH  D GLUHFW VWDWLVWLFDO DQDO\VLV ZDV QRW
SRVVLEOH %LQRPLDO WHVWV RI HTXDO SUREDELOLW\ RI
ILUVW RFFXUUHQFH IRU SDLUHG WDVNV IRXQG WKDW
ZRUNHUV LQ WKH  FRORQ\ IRUDJHG IRU SXOS
HDUOLHU WKDQ WKH\ IRUDJHG IRU FDUERK\GUDWH 7DEOH
 7KHUH ZDV QR VWDWLVWLFDO GLIIHUHQFH LQ WKH
VWDUWLQJ DJH RI IRUDJLQJ IRU SXOS DQG FDUERK\GUDWH
LQ WKH  FRORQ\ 7KH VDPSOH VL]HV DPRQJ WHVWV
GLIIHUHG EHFDXVH QRW DOO ZRUNHUV GLG DOO WDVNV 2I
WKH  ZRUNHUV WKDW PHW WKH FULWHULRQ RI IRUDJLQJ
IRU HDFK PDWHULDO DW OHDVW WKUHH WLPHV PRVW
 IRUDJHG IRU SXOS EHIRUH IRUDJLQJ IRU HLWKHU
FDUERK\GUDWH RU SURWHLQ 7KLUWHHQ ZRUNHUV SURWHLQ
Table 25HVXOWVRIELQRPLDOWHVWVRIWKHRUGHURIWDVNSHUIRUPDQFHEDVHGRQDJHRIILUVWSHUIRUPDQFH
Following task
Preceding task
Pulp Carbohydrate Protein
1998
1HVW >@ >@ >@
3XOS >@ >@
&DUERK\GUDWH >@
1999
1HVW >@ >@ >@
3XOS >@ >@
&DUERK\GUDWH >@
,QHDFKVHWRIWKUHHQXPEHUVWKHILUVWLVWKHSYDOXHIRUHDFKSDLURIWDVNV1XPEHUVLQDUHVDPSOHVL]HQXPEHUV
LQEUDFNHWV>@DUHQXPEHURIWLHVLHQXPEHURIZDVSVWKDWSHUIRUPHGERWKWDVNVIRUWKHILUVWWLPHRQWKHVDPHGD\
7LHVZHUHH[FOXGHGIURPWKHELQRPLDOWHVWDQGDUHQRWLQFOXGHGLQWKHVDPSOHVL]H
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IRUDJHG EHIRUH WKH\ FDUERK\GUDWH IRUDJHG (OHYHQ
FDUERK\GUDWH IRUDJHG EHIRUH WKH\ SURWHLQ IRUDJHG
(LJKW ZRUNHUV IRUDJHG IRU ERWK PDWHULDOV DW
DSSUR[LPDWHO\ WKH VDPH WLPH 7KUHH RI WKRVH HLJKW
ZRUNHUV VLPXOWDQHRXVO\ IRUDJHG IRU SXOS 7DEOH

Table 31XPEHUVRIZRUNHUVWKDWSHUIRUPHGSXOS3
SURWHLQ5DQGFDUERK\GUDWH&IRUDJLQJLQGLIIHUHQW
VHTXHQFHVRYHUWKHFRXUVHRIWKHLUOLYHV
3&5 
35& 
& 5 3 
35 & 
3 5& 
3 &5 
53& 
&35 
5&3 
&53 
7RWDO 
PHDQVWKHDJHRIWDVNSHUIRUPDQFHZDVVLJQLILFDQWO\
\RXQJHU PHDQVQRVLJQLILFDQWGLIIHUHQFHLQWKHDJHRIWDVN
SHUIRUPDQFH7KHVHNQRZQDJHZRUNHUVIURPWKH
FRORQ\ZHUHVHHQIRUDJLQJIRUHDFKPDWHULDORQDWOHDVWWKUHH
VHSDUDWHGD\V
Effect of time of season and body size on
age of first foraging
7R GHWHUPLQH LI WLPH RI VHDVRQ DIIHFWHG
ILUVWIRUDJLQJ DJH WKH  GDWD ZHUH GLYLGHG LQWR
IRXU ZHHNORQJ EORFNV 2YHU WKLV IRXUZHHN
SHULRG WKH DYHUDJH DJH RI ILUVW IRUDJLQJ LQFUHDVHG
E\ QHDUO\ VL[ GD\V 7DEOH  7KH VDPH DQDO\VLV
ZDV GRQH RQ WKH VPDOOHU  GDWD VHW DQG
ZHHNO\ YDULDWLRQ ZDV IRXQG LQ ILUVWIRUDJLQJ DJH
EXWQRJHQHUDOLQFUHDVH
0XOWLSOH UHJUHVVLRQV RI WKH ERG\ VL]H
PHDVXUHPHQWV±ZHLJKW KHDG VL]H WKRUD[ VL]H DQG
WKH UDWLR RI WKRUD[ VL]H WR ZHLJKW±IRXQG QR
VLJQLILFDQW HIIHFW RI DQ\ RI WKHVH IDFWRUV RQ WKH DJH
RI ILUVW IRUDJLQJ IRU HLWKHU SXOS RU SURWHLQ
+RZHYHU ZRUNHUV ZLWK D ODUJHU WKRUD[ EHJDQ
FDUERK\GUDWH IRUDJLQJ DW D \RXQJHU DJH WKDQ GLG
VPDOOHU ZRUNHUV DOWKRXJK WKRUD[ VL]H H[SODLQHG
RQO\ D VPDOO IUDFWLRQ RI WKH YDULDELOLW\ LQ DJH RI
ILUVW IRUDJLQJ PXOWLSOH UHJUHVVLRQ $GM 5   
1    3    7KH UDWLR RI WKRUD[ VL]H WR
ZHLJKW KDG D QHJDWLYH EXW VPDOO HIIHFW RQO\ RQ
DJH RI ILUVWFDUERK\GUDWH IRUDJLQJ PXOWLSOH
UHJUHVVLRQ $GM 5    1    3    &RHII
9DU :HLJKWGLGQRWYDU\ZLWKDJH
Table 40HDQDJHVRIZRUNHUVWKDWFDUERK\GUDWHIRUDJHG
IRUWKHILUVWWLPHE\RQHZHHNLQWHUYDOV
Week Mean Std Dev Min Max N
1998
-XO±$XJ     
$XJ±$XJ     
$XJ±$XJ     
$XJ±$XJ     
1999
-XO±$XJ     
$XJ±$XJ     
$XJ±$XJ     
Task specialization
:RUNHUV XVXDOO\ SHUIRUPHG PXOWLSOH WDVNV GXULQJ
WKHLU OLYHV ([FOXGLQJ QHVW ZRUN  RU IHZHU
ZRUNHUV SHUIRUPHG RQO\ RQH WDVN 7DEOH  7KHUH
ZDV QR HYLGHQFH WKDW LQGLYLGXDOV DEUXSWO\
VZLWFKHG IURP RQH WDVN WR WKH QH[W 6RPH ZRUNHUV
FRQWLQXHG WR ZRUN LQ WKH QHVW RQ GD\V WKH\
IRUDJHG VRPH IRUDJHG IRU PXOWLSOH PDWHULDOV RQ
WKHVDPHGD\
7KH GDLO\ IUHTXHQF\ GLVWULEXWLRQV RI WKH QXPEHU
RI ZRUNHUV REVHUYHG SHUIRUPLQJ     RU 
WDVNV DSSHDUHG KLJKO\ VLPLODU GHVSLWH WKH FRORQ\¶V
SURGXFWLRQ RI ZRUNHUV LQ -XO\ YHUVXV D PL[ RI
ZRUNHUV DQG UHSURGXFWLYHV DW WKH HQG RI $XJXVW
)LJXUH  7KH GLVWULEXWLRQ RI WKH OLIHWLPH DYHUDJH
RI QXPEHU RI WDVNV WKDW ZRUNHUV SHUIRUPHG SHU
GD\ SHDNHG DW RQH WDVN DQG JUDGXDOO\ GHFOLQHG DV
WKH QXPEHU RI WDVNV LQFUHDVHG 7KLUW\HLJKW
SHUFHQW RI WKH ZRUNHUV LQ WKH  FRORQ\
DYHUDJHG DSSUR[LPDWHO\ RQH W\SH RI WDVN SHU GD\
DOWKRXJK WKH NLQG RI WDVN FKDQJHG 
DYHUDJHG PRUH WKDQ RQH WDVN SHU GD\ DQG 
DYHUDJHGOHVVWKDQRQHWDVNSHUGD\)LJXUH
Table 50HDQWDVNSHUIRUPDQFHDJHVRIZRUNHUVWKDWSHUIRUPHGPRUHWKDQRQHWDVNLQWKHLUOLYHVZLWKYDOXHVIRU
ZRUNHUVWKDWSHUIRUPHGRQO\RQHNLQGRIWDVNJLYHQLQSDUHQWKHVHV
Task Mean age (days) Std Dev Min Max N % Specialists
1998
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    
&DUERK\GUDWHIRUDJLQJ      
3URWHLQIRUDJLQJ      
1999
1HVWZRUN      
3XOSIRUDJLQJ      
&DUERK\GUDWHIRUDJLQJ      
3URWHLQIRUDJLQJ      
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-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 33HUFHQWDJHRIZRUNHUVWKDWSHUIRUPHGRUWDVNVRQDVLQJOHGD\D-XO\E$XJXVW
F$XJXVW7KHGDLO\SURSRUWLRQVRIZRUNHUVSHUIRUPLQJGLIIHUHQWQXPEHUVRIWDVNVDUHVLPLODUDFURVV
GD\V:RUNHUVWKDWZRUNHGPXOWLSOHGD\VFRQWULEXWHGPXOWLSOHREVHUYDWLRQV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4$YHUDJHQXPEHURINLQGVRIWDVNVSHUGD\SHUPDUNHGZRUNHUZDVSVDYHUDJHGPRUHWKDQRQH
WDVNSHUGD\RYHUWKHFRXUVHRIWKHLUOLYHV
7KH DJH GLVWULEXWLRQ RI QXPEHUV RI WDVNV
SHUIRUPHG SHU GD\ VKRZV WKDW WKH \RXQJHVW
ZRUNHUV ZHUH W\SLFDOO\ LGOH )LJXUH  %HWZHHQ
DJHV IRXU DQG WZHOYH WKH SURSRUWLRQV RI ZRUNHUV
HQJDJHG LQ    DQG  GLIIHUHQW WDVNV ZHUH
UHODWLYHO\ FRQVWDQW DQG UHIOHFW WKH SDWWHUQ VKRZQ
LQ )LJXUHV  DQG  $IWHU GD\  GXH WR ZRUNHU
PRUWDOLW\ WKH VDPSOH VL]H ZDV WRR VPDOO WR GLVFHUQ
D SDWWHUQ 7KH GLVWULEXWLRQ VXJJHVWV WKDW GHJUHH RI
WDVNVSHFLDOL]DWLRQZDVXQUHODWHGWRDJH
Figure 5)UHTXHQF\GLVWULEXWLRQVKRZLQJWKHFKDQJHLQQXPEHURIZRUNHUVSHUIRUPLQJRUWDVNVRYHU
ZRUNHUDJH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 60HDQQXPEHURIFDUERK\GUDWHWULSVWKDWIRUDJHUVPDGHRQGD\VRQZKLFKWKH\SHUIRUPHGPXOWLSOHNLQGV
RIWDVNVDVDIXQFWLRQRIWKHPHDQQXPEHURIFDUERK\GUDWHWULSVWKH\PDGHRQGD\VRQZKLFKWKH\RQO\
FDUERK\GUDWHIRUDJHG1 IRUDJHUV'DVKHGOLQH QXOOK\SRWKHVLVVROLGOLQH OHDVWVTXDUHVUHJUHVVLRQ
:RUNHU GLIIHUHQFHV LQ GHJUHH RI VSHFLDOL]DWLRQ GR
QRW QHFHVVDULO\ PHDQ WKDW VRPH ZRUNHUV DUH PRUH
SURGXFWLYH WKDQ RWKHUV $ OHVV VSHFLDOL]HG IRUDJHU
WKDW FROOHFWV PXOWLSOH PDWHULDOV PD\ PDNH WKH
VDPH QXPEHU RI IRUDJLQJ WULSV DV KHU PRUH
VSHFLDOL]HG VLVWHU )RU HDFK FDUERK\GUDWH IRUDJHU
WKDW IRUDJHG VROHO\ IRU FDUERK\GUDWH RQ VRPH GD\V
DQG SHUIRUPHG DGGLWLRQDO WDVNV RQ RWKHU GD\V KHU
DYHUDJH QXPEHU RI FDUERK\GUDWH WULSV PDGH RQ
GD\V VKH SHUIRUPHG DGGLWLRQDO WDVNV ZDV
UHJUHVVHG ZLWK WKH DYHUDJH QXPEHU RI
FDUERK\GUDWHIRUDJLQJ WULSV PDGH RQ GD\V VKH ZDV
VHHQ IRUDJLQJ RQO\ IRU FDUERK\GUDWH 7KH QXOO
K\SRWKHVLV ZDV E  DQG LV VKRZQ LQ )LJXUH  DV
WKH OLQH WKURXJK WKH RULJLQ 7KH ILWWHG OLQH LQ
)LJXUH  VKRZV WKDW PRVW FDUERK\GUDWH IRUDJHUV
PDGH PRUH WULSV RQ GD\V ZKHQ WKH\ GLG DGGLWLRQDO
WDVNV SDLUHG WWHVW t    3 & , 
7KXV UDWKHU WKDQ PDNLQJ PRUH WULSV RQ GD\V WKH\
VSHFLDOL]HG RQ FDUERK\GUDWH IRUDJLQJ LW DSSHDUV
WKDW WKHVH ZRUNHUV KDG EXV\ GD\V DQG QRWVREXV\
GD\V +RZHYHU PRVW ZRUNHUV PDGH IHZ
FDUERK\GUDWH WULSV UHJDUGOHVV RI ZKHWKHU WKH\ GLG
RWKHUWDVNVWKDWGD\
Discussion
7KH UHVXOWV VXJJHVW WKDW V. germanica H[KLELWV
OLPLWHG WHPSRUDO SRO\HWKLVP :KLOH
DSSUR[LPDWHO\ WZRILIWKV RI WKH V. germanica
ZRUNHUV VWXGLHG VSHFLDOL]HG RQ RQO\ RQH WDVN SHU
GD\ LQGLYLGXDOV YDULHG LQ WKHLU DJH DQG VHTXHQFH
RI WDVN SHUIRUPDQFH 6DPSOH VL]H DQG OHQJWK RI
REVHUYDWLRQ DIIHFWHG GHWHFWLRQ RI D VHTXHQWLDO
SURJUHVVLRQ RI WDVNV ,Q WKH VPDOOHU  GDWD VHW
VWDWLVWLFDO VXSSRUW ZDV IRXQG IRU WKH IROORZLQJ
WDVN VHTXHQFH ZRUN LQ WKH QHVW IRUDJH IRU SXOS
IRUDJH IRU FDUERK\GUDWH DQG IRUDJH IRU SURWHLQ
7KHVH UHVXOWV VXSSRUW WKH WDVN SURJUHVVLRQ
UHSRUWHG LQ SUHYLRXV VWXGLHV RI Vespula VSHFLHV
3RWWHU  6SUDGEHU\  $NUH HW DO 
*UHHQH  +RZHYHU LQ  WKH VDPSOHV RI
PDUNHG ZRUNHUV DQG RI REVHUYDWLRQV SHU ZRUNHU
ZHUH PXFK ODUJHU WKDQ LQ DQ\ SULRU VWXGLHV DQG
QR VWDWLVWLFDOO\ VLJQLILFDQW HYLGHQFH ZDV IRXQG WKDW
ZRUNHUV SHUIRUP SXOS IRUDJLQJ SULRU WR
FDUERK\GUDWH IRUDJLQJ 7KLV VXJJHVWV WKDW VDPSOH
VL]H LV UHOHYDQW WR FRQVLGHUDWLRQV RI WHPSRUDO
SRO\HWKLVP LQ Vespula VSHFLHV DOWKRXJK ZH KDG
SUHGLFWHG WKDW WHPSRUDO SRO\HWKLVP ZRXOG EH
PRUH DSSDUHQW LQ ODUJHU VDPSOHV (YHQ WKRXJK WKH
DJHV RI ILUVW SHUIRUPDQFH GLIIHU VWDWLVWLFDOO\ IRU
VRPH WDVNV WKHVH GLIIHUHQFHV DUH VR VPDOO WKDW
WKH\ DUH RI OLPLWHG ELRORJLFDO LPSRUWDQFH
SDUWLFXODUO\ ZKHQ FRPSDUHG WR HXVRFLDO LQVHFW
VSHFLHV ZLWK ODUJH FRORQ\ VL]HV VXFK DV KRQH\ EHHV
DQG P. occidentalis ZDVSV :LOVRQ  -HDQQH HW
DO 6HHOH\
([DPLQDWLRQ RI ZRUNHUV WKDW IRUDJHG DW OHDVW WKUHH
WLPHV IRU DOO WKUHH PDWHULDOV GXULQJ WKHLU OLYHV
GHPRQVWUDWHV WKH UHODWLYHO\ ODUJH YDULDWLRQ LQ WDVN
SHUIRUPDQFH VHTXHQFHV DPRQJ IRUDJHUV :RUNHUV
LQ WKLV VXEVHW VKRZHG D WHQGHQF\ WR IRUDJH IRU
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH SXOS EHIRUH FDUERK\GUDWH DQG SURWHLQ EXW ZHUH
RQO\ VOLJKWO\ PRUH OLNHO\ WR IRUDJH IRU
FDUERK\GUDWH EHIRUH IRUDJLQJ IRU SURWHLQ 7KH
EURDGHU DQDO\VHV VKRZV WKDW ZRUNHUV GLG QRW
DEUXSWO\ VWRS IRUDJLQJ IRU D PDWHULDO ZKHQ WKH\
EHJDQ WR IRUDJH IRU D QHZ PDWHULDO 6RPH IRUDJHUV
SHUIRUPHG SHULRGLF QHVW ZRUN VXFK DV IHHGLQJ
ODUYDH IDQQLQJ RU UHPRYLQJ GHEULV 0RVW DGXOWV
EHJDQ IRUDJLQJ IRU DOO PDWHULDOV DSSUR[LPDWHO\
FRQFXUUHQWO\ DQG SHUIRUPHG WDVNV IRU OHVV WKDQ
WZR ZHHNV 7KHUHIRUH LW LV XQOLNHO\ WKDW FKDQJHV
LQ WKH FRORQ\¶V QHHG IRU PDWHULDOV JUHDWO\ DIIHFWHG
ZRUNHUV¶VHTXHQFHRIWDVNV
:RUNHU PRUWDOLW\ OLNHO\ DIIHFWHG WKH QXPEHU RI
WDVNV LQGLYLGXDOV ZHUH REVHUYHG SHUIRUPLQJ RYHU
WKH FRXUVH RI WKHLU OLYHV *LYHQ WKDW QHVW ZRUN ZDV
PRVW FRPPRQO\ WKH ILUVW WDVN ZRUNHUV XQGHUWRRN
DQG WKH VDPSOH VL]HV RI QHVW ZRUNHUV WKDW
SHUIRUPHG RQO\ RQH WDVN DUH ODUJHU WKDQ WKH
VDPSOH VL]HV RI IRUDJHUV WKDW SHUIRUPHG RQO\ RQH
WDVN LW DSSHDUV WKDW PDQ\ QHVW ZRUNHUV GLHG
EHIRUH WKH\ FRXOG SURFHHG WR IRUDJLQJ WDVNV 7DEOH
 3UHPDWXUH GHDWK ZRXOG H[SODLQ ZK\ WKH PHDQ
DJH RI ILUVW WDVN SHUIRUPDQFH ZDV W\SLFDOO\ ORZHU
LQ ZRUNHUV WKDW SHUIRUPHG RQO\ RQH WDVN
FRPSDUHG WR ZRUNHUV WKDW SHUIRUPHG PXOWLSOH
WDVNVGXULQJWKHLUOLYHV
7KH ILQGLQJ WKDW WKH IUHTXHQF\ GLVWULEXWLRQV RI WKH
QXPEHU RI ZRUNHUV RYHU WKH QXPEHU RI GLIIHUHQW
WDVNV SHUIRUPHG ZHUH KLJKO\ VLPLODU DFURVV GD\V
VXJJHVWV WKDW WKH GDLO\ SURSRUWLRQV RI JHQHUDOLVW WR
VSHFLDOLVW ZRUNHUV VWD\HG UHODWLYHO\ VWDEOH
WKURXJKRXW WKH VWXG\ 7KLV VWDELOLW\ ZDV
PDLQWDLQHG GHVSLWH WKH FRORQ\¶V QHDUO\ WKUHHIROG
LQFUHDVH LQ VL]H GHFUHDVLQJ QHHG IRU SXOS
LQFUHDVLQJ QHHG IRU FDUERK\GUDWH DQG LWV
WUDQVLWLRQ IURP UHDULQJ ZRUNHU ODUYDH WR UHDULQJ
UHSURGXFWLYHV 7KH VRXUFH RI WKLV VWDELOLW\ PRVW
OLNHO\ OLHV LQ WKH VSHFLDOLVW RU JHQHUDOLVW WHQGHQFLHV
RI LQGLYLGXDO ZRUNHUV 7KH GLVWULEXWLRQ RI OLIHWLPH
DYHUDJH QXPEHU RI WDVNV SHU GD\ SHU ZRUNHU LV
KLJKO\ VLPLODU WR WKH FRORQ\OHYHO GLVWULEXWLRQV RI
VSHFLDOLVWV WR JHQHUDOLVWV RYHU VHSDUDWH GD\V DQG
DFURVV GD\V 7KH UHODWLYHO\ VWDEOH SURSRUWLRQV RI
ZRUNHUV WKDW GR    RU  WDVNV SHU GD\ DFURVV D
UDQJH RI DJHV VXJJHVWV WKDW ZRUNHUV GR QRW FKDQJH
WKHLUWHQGHQF\WRVSHFLDOL]HDVWKH\DJH
7KHVH UHVXOWV LQGLFDWH WKDW ZRUNHU VSHFLDOL]DWLRQ
LQ D V. germanica FRORQ\ FDQQRW EH H[SODLQHG E\ D
WKUHVKROG  UHLQIRUFHPHQW PHFKDQLVP ,Q
LQGLYLGXDO  EDVHG VLPXODWLRQ PRGHOV WDVN
VSHFLDOL]DWLRQ KDV EHHQ VKRZQ WR HPHUJH WKURXJK
WKH UHSHDWHG LQWHUSOD\ RI WZR RSSRVLQJ IDFWRUV
RSHUDWLQJ RQ ZRUNHU WKUHVKROGV  D ZRUNHU¶V
WKUHVKROG WR UHVSRQG WR WDVN VWLPXOL GHFUHDVHV
DIWHU VKH SHUIRUPV WKH WDVN DQG  KHU WKUHVKROG
LQFUHDVHV DV D IXQFWLRQ RI WLPH IURP KHU ODVW
SHUIRUPDQFH RI WKH WDVN 7KHUDXOD] HW DO 
6XFK PRGHOV DUH RIIHUHG DV H[SODQDWLRQV RI HOLWLVP
LQ VRFLDO LQVHFWV 3ORZULJKW DQG 3ORZULJKW 
*DXWUDLV  2XU VWXG\ RI WKH FDUERK\GUDWH
IRUDJHUV LQ WKH  FRORQ\ IRXQG WKDW VXFFHVVIXO
UHWULHYDO RI FDUERK\GUDWH GLG QRW LQFUHDVH
ZRUNHUV¶ UDWHV RI FDUERK\GUDWH IRUDJLQJ +XUG HW
DO  )XUWKHUPRUH WKH FDUERK\GUDWH IRUDJHUV
WKDW PDGH WKH PRVW WULSV WKH HOLWH IRUDJHUV ZHUH
QRW PRUH OLNHO\ WR EH WDVN VSHFLDOLVWV WKDQ WKRVH
ZRUNHUV PDNLQJ IHZ WULSV ,Q WKH SUHVHQW VWXG\ D
SRVLWLYH UHODWLRQVKLS ZDV IRXQG EHWZHHQ
FDUERK\GUDWHWULS QXPEHU DQG WKH QXPEHU RI
GLIIHUHQW WDVNV SHUIRUPHG E\ D FDUERK\GUDWH
IRUDJHU LQ GLUHFW FRQWUDVW WR SUHGLFWLRQV EDVHG RQ
DVHOIUHLQIRUFHPHQWPRGHO
2XU ILQGLQJ RI LQGLYLGXDO GLIIHUHQFHV LQ ZRUNHUV¶
OLIHWLPH DYHUDJH QXPEHU RI WDVNV SHUIRUPHG SHU
GD\ VXJJHVWV D SRVVLEOH JHQHWLF HIIHFW RQ ZRUNHU
WDVN VSHFLDOL]DWLRQ &KDQJHV LQ JHQH H[SUHVVLRQ
KDYH EHHQ VKRZQ WR XQGHUOLH WHPSRUDO SRO\HWKLVP
LQ KRQH\EHHV 3DJH DQG 5RELQVRQ  5RELQVRQ
HW DO  3DJH HW DO  3DJH DQG (UEHU 
DQG Polybia ZDVSV 2¶'RQQHOO DQG -HDQQH 
2¶'RQQHOO  ,W LV SUREDEOH WKDW Vespula
ZRUNHUV KDYH QXPHURXV JHQHV LQ FRPPRQ ZLWK
WKHVH VSHFLHV EXW WKDW WKHVH JHQHV DUH H[SUHVVHG
GLIIHUHQWO\LQ V. germanica
6SHFLILFV RI OLIH KLVWRU\ OLNHO\ SOD\ DQ LPSRUWDQW
UROH LQ GHWHUPLQLQJ WKH WLPLQJ DQG GHJUHH RI
ZRUNHU VSHFLDOL]DWLRQ DQG WKH FRORQ\¶V UDWLR RI
VSHFLDOLVWV WR JHQHUDOLVWV ,Q FRPSDULVRQ WR RWKHU
IO\LQJ K\PHQRSWHUDQ VSHFLHV ZLWK ODUJH FRORQ\
VL]HV WKH WHPSRUDO SRO\HWKLVP VFKHGXOH IROORZHG
E\ V. germanica ZDVSV DSSHDUV KLJKO\
DFFHOHUDWHG $QDO\VLV RI ZRUNHUV¶ DJHV RI WDVN
SHUIRUPDQFH IRXQG WKDW PRVW ZRUNHUV KDG EHJXQ
IRUDJLQJ IRU DOO PDWHULDOV E\ WKH HQG RI WKHLU ILUVW
ZHHN DQG WKDW VRPH IRUDJHUV DOVR FRQWLQXHG WR
SHUIRUP QHVW ZRUN 7KHVH UHVXOWV DUH LQ FRQWUDVW
WR A. mellifera EHHV DQG P. occidentalis ZDVSV WKDW
W\SLFDOO\ VZLWFK DEUXSWO\ DQG FRPSOHWHO\ IURP
QHVW WDVNV WR IRUDJLQJ DW WKH HQG RI WKHLU WKLUG
ZHHN DOWKRXJK WKH DJH RI VZLWFKLQJ YDULHV DPRQJ
LQGLYLGXDOV-HDQQHHWDO 6HHOH\
7KLV DFFHOHUDWLRQ PD\ EH UHODWHG WR ZRUNHU
OLIHVSDQ :H REVHUYHG V. germanica ZRUNHUV IRU
DQ DYHUDJH RI  GD\V EHIRUH WKH\ GLVDSSHDUHG
DQG SUHVXPDEO\ GLHG 3RWWHU  UHSRUWHG D
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VLPLODU OLIHVSDQ RI V. vulgaris ZRUNHUV GXULQJ WKH
VDPH VWDJH RI FRORQ\ JURZWK 7KXV WKHVH Vespula
ZRUNHUV DSSHDU WR OLYH DSSUR[LPDWHO\ KDOI DV ORQJ
DV P. occidentalis DQG A. mellifera ZRUNHUV
-HDQQH HW DO  6HHOH\  3HUKDSV
Vespula ZRUNHUV GR QRW OLYH ORQJ HQRXJK IRU WKH
FRORQ\ WR UHDS WKH HIILFLHQF\ EHQHILWV JDLQHG LQ
UHSHDWHGWDVN SHUIRUPDQFH E\ VSHFLDOL]HG
ZRUNHUV
Vespula FRORQLHV LQ WHPSHUDWH ]RQHV KDYH RQO\ D
VLQJOH VXPPHU WR UHSURGXFH DQRWKHU FRQWUDVW WR
WKH ORQJHUOLYHG FRORQLHV RI P. occidentalis DQG A.
mellifera 7R UHDU ODUJH QXPEHUV RI UHSURGXFWLYHV
LQ D VLQJOH VHDVRQ Vespula FRORQLHV PXVW UDSLGO\
SURGXFH D ODERU IRUFH RI ZRUNHUV %HFDXVH LQLWLDO
FRORQ\VL]HV RI Vespula VSHFLHV DUH VPDOO VLQFH
WKH\ DUH VWDUWHG E\ D VLQJOH IRXQGLQJ TXHHQ D
VWUDWHJ\ RI ODERU DOORFDWLRQ WKDW XWLOL]HV D
UHODWLYHO\ ODUJH SURSRUWLRQ RI JHQHUDOLVW ZRUNHUV
PD\ EH WKH PRVW SURGXFWLYH IRU \RXQJ FRORQLHV
/DUJHU FRORQLHV DUH EHWWHU DEOH WR GHIHQG
WKHPVHOYHV DJDLQVW SUHGDWRUV ILQG IRRG DQG
WKHUPRUHJXODWH WKDQ VPDOO FRORQLHV :LOVRQ 
$ JURZLQJ V. germanica FRORQ\ ZLOO DFKLHYH WKHVH
EHQHILWV IDVWHU LI LW DOORFDWHV LQFRPLQJ UHVRXUFHV WR
WKH SURGXFWLRQ RI DGGLWLRQDO VKRUWOLYHG ZRUNHUV
UDWKHU WKDQ WR WKH PDLQWHQDQFH RI IHZHU ORQJOLYHG
ZRUNHUV
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